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Abstract. Lift passengers often travel together in groups rather than alone. In passenger generation
for lift simulation these groups are referred to as batches, with the distribution of batch sizes
sometimes presented in tabular form. This paper demonstrates how this distribution of batch sizes
can be formulated. The advantage this has for users of simulation software is that the prospective
grouping of passengers can be entered as a single number corresponding to the average batch size.
The distribution of batch sizes generated using the new approach is compared with site survey data.
Historically, most simulations have ignored grouping, effectively using a batch size of 1. The
impact of using a batch sizes other than 1 for simulation results is discussed.

1 INTRODUCTION

In most elevator traffic simulations, passengers are assumed to arrive individually. If passengers
arrive at the same time or are travelling to the same destination, this is only by chance.

It has been shown that passengers sometimes arrive in batches [1] [2] or bulks [3]. This influences
lift operation and therefore quality of service. For example, if two people are travelling together, a
batch of two, they are more likely to have the same destination. This equates to a lower probable
number of stops.

This paper demonstrates how this distribution of batch sizes can be formulated. The advantage this
has for users of simulation software is that the prospective grouping of passengers can be entered as
a single number corresponding to the average batch size.

2 PREVIOUS WORK

In a traffic simulator one of the important software modules is passenger generation. Peters et al.
[4] discuss a range of possible passenger arrival models including:

1. constant inter-arrival time

2. random inter-arrival time with uniform probability density function

3. random passenger arrivals applying Poisson probability density function
4. random inter-arrival time with exponential probability density function
5. random arrival time in a given time period

The authors propose a methodology for generating passengers that assumes:

1. arandom inter-arrival time with exponential probability density function
2. the total number of passengers is consistent with the expected number of passengers
3. abatch size that may be building and time specific

The probability density function that is to be used for the generation of the batch sizes, based on
reference [1], is given in Table 1.
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Table 1 Probability density function for the batch sizes
Batch size 1 2 3 4 5
Probability 37/58 13/58 6/58 2/58 0

The method allows for passengers to be generated, see Figure 1. The second plot (adjusted arrival
time) ensures the numbers of passenger generated in the time period correspond to the arrival rate.
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Figure 1 Initial and adjusted batch arrivals

3 TRAFFIC SURVEY DATA

A traffic study [5] was undertaken at a transport terminal to collect batch size data with a larger data
set than in Table 1. Observers used their judgment to determine if people were travelling
individually, or in groups. 1249 batches were observed, results are given in Table 2.

Table 2 Probability density function for the batch sizes

Batch size

1

2

3

4

5

6

Probability

811/1249

340/1249

71/1249

19/1249

6/1249

2/1249

The results in Table 2 yield an average batch size of 1.46.

The Poisson distribution may be used to model the batch size, see Equation 1.
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Where po(n) is the probability of a batch size of n and b is the average batch size. Note: it is not
suggested that the underlying distribution is Poisson, but that the curve follows a similar pattern.
The classical Poisson formula is offset by 1 as there cannot be a batch size of 0.

Figure 2 shows the probability of different batch size based on measurements and as calculated
using Equation 1 with an average batch size or 1.46. The R-Squared value is 0.999 showing a good
fit for the data. At high batch sizes, Equation 1 under predicts the probability, however these
instances are rare.
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Figure 2 Comparison of batch size probability measured versus Equation 1

The data suggests it is reasonable for a passenger generator used by simulation software to accept
input of an average batch size, then to create passenger batches assuming Equation 1.

4 METHODOLOGY FOR GENERATING PASSENGERS
4.1 Introduction to the methodology

This section provides a step by step methodology for generating passengers with random inter-
arrival time with an exponential probability density function. Passenger batches are selected
assuming Equation 1 given an average batch size.

For example, using terminology from CIBSE Guide D Section 4 [6], consider a passenger demand
represented as having an arrival rate of 24.95 person per five minutes at the entrance floor for a time
period of one hour (3600 s). There are 10 upper floors with equal population resulting in a
destination probability of 10% to each floor. The average batch size, b =1.2.

The software implementing the methodology should generate a list of passengers corresponding to
the passenger demand. All random numbers generated should be uniformly distributed.

4.2 Determining how many people to generate

With an arrival rate of 24.95 persons per five minutes, the number of passengers in this period is 12
X 24.95 persons which is 299.4 persons.

With simulation, there cannot be part passengers. Use a random number to decide if to create 299
or 300 persons, i.e. does the person corresponding to the 0.4 turn up?
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Generate a random number between 0 and 1. If the random number is < 0.4, then use 300 people,
otherwise use 299 people. Assuming the random number was 0.21, the number of persons
generated, Np = 300 persons. Continue by dividing these Np people into batches.

4.3 Generation of batches

Calculate the probability of each batch size using Equation 1. Based on an average batch size of 1.2,
results are given Table 3.

Table 3 Probability density function for the batch sizes of 1.2

Batch size 1 2 3 4 5 6

Probability 0.819 0.163 0.016 0.001 0.000 0.000

Proceed as follows:

I.  Generate a uniformly distributed random number between 0 and 1.

ii.  If the random number is < 0.819, then the batch size is 1. Otherwise, if the random number
iIs < (0.819+0.163) then the batch size is 2. Otherwise, if the random number is <
(0.819+0.163+0.016) then the batch size is 3. And so on.

iii.  For example, if the random number is 0.82 this will yield a batch size of 2. There are now
300-2 = 298 people left to assign to batches.

Repeat the procedure (i) to (iii) until all 300 passengers are part of a batch.

In the final repeat of the procedure, there may not be enough people left for the batch size selected
by the random number. For example, if the random number generated calls for a batch size of 3,
but already 298 people have been put in batches, then the final batch size is taken to be 2.

Call the number of batches generated Np. Once the passenger batches have been generated, the
arrival times of the batches can be determined.

4.4 Generation of arrival times

A procedure to generate batch arrivals and random inter-arrival time with exponential probability
density function as described by Peters et al [4] is summarized in Section 2.

The average batch size is 1.2 persons, and there are 300 persons. On average, there are 300 persons/
1.2 persons per batch = 250 batches. In this example, the software generated 252 batches. These
arrive in one hour (3600 seconds). So, the batch arrival rate A, is

252

Ap = o 0.07 batches/second 2

At; is the inter-arrival time between batch i and batch i+1 [4]

Ati _z ln(1/1—bRand) (3)

fori = 0to N, + 1. Rand is a function that generates a random number between 0 and 1.

In Section 2, Figure 1 the first passenger arriving at time = 0 s. In the context of simulation
software which may have many consecutive periods, it is preferable not to have a passenger arriving
at the instant each period begins. To address this, add half a randomly generated inter-arrival time
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after the period start time. This allows multiple periods to follow each other without a person
marking the start of each period, see At, in Figure 3.
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® Batch of passengers

Figure 3 Placing the first batch on the time line

Continuing placing all the batches on a time line using Equation 3, see Figure 4. The period end
time is only approximate as the calculation of inter-arrival times includes a random element.
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Figure 4 Passenger batches on time line

Shrink or stretch the inter-arrival times so that the batches arrive within the period. A scaling
factor, SF, can be determined by establishing the ratio between the sum of the generated inter-
arrival times and equivalent time taken with passengers arriving at the batch arrival rate, 1, see
Equation 4.

time period 3600
SF = AL =N th = 2296 o o0 oo 19010 = 0.975 4)
SoH(Z s, P + — F 72+——

The adjusted inter-arrival times, Ats; can then be determined, see Equation 5.

AtSi = Atl‘ -SF (5)
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Apply the SF so that the batch of passengers aligns with the actual period end time, see Figure 5.

Ats, Ats; Ats, Ats; Atsy, Atsy, .,
[ [
AN Ay time
<Y <Y
period start period end
time time
t=0s t=1hr=23600s

Figure 5 Passenger batches with inter-arrival time adjusted to align in actual period end time

4.5 Passenger destinations

It is assumed that each passenger batch has the same destination. The destination probability to
each floor above the entrance floor was 10% (=0.1), see Table 4.

Table 4 Batch destination probabilities

Floor 1 2 3 4 5 6 ! 8 9 10 U
pestination || g1 | 01 | 01| 01 | 01| 01| 01| 01| 01]o01
probability

For each batch, generate a random number between 0 and 1. If the random number is <0.1, the
destination is floor 2. Otherwise, if the random number is < (0.1 + 0.1), the destination floor is floor
3. Otherwise, if the random number is < (0.1 + 0.1 + 0.1), then destination floor is 4. And so on.

5 EXAMPLE RESULTS
5.1 Passenger generation
Example results for the above example with a batch size of 1.0 and 1.2 are given in Table 5.
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Table 5 Example passenger generation results

Average batch size of 1

Averal

e batch size of 1.2

= L5 = [

8 s =< 3 3 s<| = 5

< > ol 8o n = > ol 8o n

S 2|l £° 5§ 8 E2ol £8 5

§ | <5 &5 3| & | <=| &9 &

[a} o [a) a8}
2.1 1 4 1 1.1 1 2 1
6.2 1 9 1 13.1 1 3 1
9.3 1 11 1 39.0 1 8 1
25.5 1 10 1 51.3 1 6 1
35.3 1 10 1 64.9 1 7 1
514 1 6 1 76.5 1 7 1
73.9 1 4 1 88.3 1 10 2
79.8 1 9 1 101.4 1 5 1
82.1 1 5 1 102.9 1 6 1
107.2 1 11 1 171.2 1 5 2
108.0 1 8 1 175.6 1 11 1
117.5 1 11 1 203.5 1 7 1
131.1 1 5 1 209.4 1 4 1
132.1 1 10 1 249.9 1 9 1
148.6 1 9 1 250.4 1 10 1
157.1 1 11 1 261.9 1 5 1
161.0 1 5 1 284.5 1 4 1
172.6 1 6 1 293.8 1 5 1
187.3 1 9 1 294.8 1 3 1
193.6 1 8 1 300.7 1 7 1
194.1 1 9 1 303.8 1 8 1
201.3 1 6 1 331.7 1 4 1
230.6 1 11 1 350.9 1 4 2
231.2 1 5 1 355.3 1 2 1
253.9 1 10 1 360.6 1 3 2
264.8 1 11 1 369.3 1 9 1
267.9 1 11 1 374.8 1 10 1
292.1 1 3 1 399.1 1 7 2
297.5 1 8 1 408.7 1 3 1
336.4 1 6 1 412.7 1 2 2
341.0 1 11 1 417.7 1 6 1
373.3 1 5 1 449.1 1 9 2
375.2 1 3 1 456.7 1 10 1
384.7 1 7 1 475.7 1 7 1
415.2 1 6 1 476.0 1 11 2
428.1 1 9 1 477.6 1 7 1
448.5 1 10 1 493.0 1 3 1
472.8 1 9 1 498.3 1 2 2
495.0 1 2 1 509.0 1 2 2
513.1 1 4 1 516.6 1 2 1
515.1 1 7 1 528.3 1 3 1
529.8 1 8 1 552.5 1 4 1
544.6 1 2 1 555.5 1 8 1
547.0 1 10 1 563.0 1 11 1
560.0 1 10 1 619.9 1 7 1
580.9 1 5 1 626.7 1 7 1
582.6 1 11 1 627.9 1 10 1
593.8 1 2 1 630.0 1 8 1
620.1 1 6 1 636.5 1 4 2
637.0 1 8 1 641.3 1 11 1
640.5 1 4 1 661.9 1 3 1
642.9 1 4 1 709.6 1 11 1
648.3 1 8 1 739.7 1 9 1
656.3 1 8 1 768.1 1 8 1
656.9 1 3 1 776.6 1 4 1
664.6 1 3 1 781.5 1 4 1
670.6 1 5 1 803.2 1 7 1
699.3 1 2 1 808.8 1 4 2
718.4 1 3 1 870.8 1 4 1
725.2 1 2 1 884.6 1 11 1
731.5 1 7 1 940.3 1 7 1
732.8 1 8 1 946.0 1 2 1
748.3 1 4 1 970.6 1 11 1
751.8 1 9 1 991.3 1 3 1
757.2 1 11 1 1024.6 1 9 1
758.8 1 3 1 1031.2 1 4 1
765.7 1 8 1 1040.3 1 9 1
776.2 1 7 1 1058.1 1 8 1
789.6 1 10 1 1072.0 1 6 1
795.6 1 9 1 1089.2 1 11 1
797.9 1 9 1 1096.3 1 9 1
809.4 1 7 1 1173.7 1 5 1
814.0 1 10 1 1179.8 1 9 1
821.2 1 8 1 1208.9 1 2 1
824.1 1 4 1 1253.2 1 2 1
826.6 1 8 1 1296.4 1 6 1

Average batch size of 1 Average batch size of 1.2
e | = | & | B s | =& | &
El2s|28 2| ¢ |23 2y 2
[a) m [a] m
834.6 1 5 1 1299.0 1 10 1
837.9 1 6 1 1312.2 1 7 1
857.1 1 7 1 1319.7 1 6 1
899.1 1 8 1 1352.8 1 10 2
907.5 1 7 1 1358.2 1 11 1
913.8 1 9 1 1360.9 1 4 1
929.2 1 7 1 1371.6 1 4 1
951.6 1 4 1 1380.5 1 5 2
955.8 1 6 1 1400.0 1 4 1
986.3 1 10 1 1424.6 1 11 2
987.5 1 6 1 1445.5 1 9 1
1006.6 1 11 1 1446.6 1 11 1
1011.1 1 6 1 1450.4 1 4 1
1025.0 1 8 1 1462.2 1 3 1
1029.1 1 10 1 1477.3 1 3 1
1034.2 1 8 1 1477.6 1 9 1
1066.4 1 4 1 1503.1 1 4 2
1068.1 1 7 1 1531.2 1 4 1
1075.4 1 11 1 1536.3 1 9 1
1093.5 1 5 1 1578.1 1 11 1
1100.3 1 4 1 1578.8 1 11 1
1117.0 1 3 1 1586.2 1 10 1
1160.5 1 7 1 1602.4 1 9 2
1161.9 1 10 1 1606.6 1 9 1
1171.1 1 3 1 1611.2 1 9 1
1175.2 1 7 1 1627.2 1 2 1
1176.9 1 11 1 1640.9 1 3 1
1182.1 1 11 1 1644.0 1 2 1
1191.0 1 6 1 1645.8 1 7 1
1207.5 1 2 1 1652.9 1 8 1
1264.8 1 6 1 1653.8 1 11 3
1278.5 1 11 1 1656.8 1 10 1
1279.0 1 8 1 1657.3 1 8 1
1307.7 1 2 1 1667.2 1 9 2
1311.3 1 4 1 1682.1 1 6 1
1314.3 1 2 1 1685.6 1 5 1
1324.9 1 4 1 1707.8 1 6 1
1331.2 1 7 1 1755.7 1 3 1
1356.3 1 7 1 1758.2 1 2 2
1359.6 1 4 1 1774.8 1 11 1
1367.7 1 6 1 1785.5 1 6 1
1369.7 1 9 1 1808.6 1 2 1
1371.4 1 7 1 1827.9 1 9 1
1453.0 1 5 1 1846.6 1 11 3
1485.2 1 9 1 1857.1 1 8 2
1487.2 1 8 1 1880.9 1 7 1
1489.5 1 9 1 1897.0 1 3 1
1497.8 1 10 1 1900.6 1 10 1
1507.8 1 4 1 1915.3 1 4 1
1515.8 1 3 1 1021.4 1 3 1
1521.8 1 8 1 1929.6 1 4 1
1522.9 1 11 1 1941.0 1 11 1
1542.8 1 6 1 1957.1 1 5 1
1547.8 1 6 1 1068.1 1 5 1
1579.0 1 10 1 1989.3 1 6 2
1585.5 1 4 1 2001.4 1 8 1
1588.7 1 7 1 2006.1 1 10 1
1593.7 1 7 1 2014.4 1 8 1
1605.8 1 10 1 2039.4 1 5 1
1614.1 1 3 1 2047.0 1 4 1
1623.9 1 9 1 2087.7 1 11 1
1632.1 1 6 1 2095.1 1 9 1
1642.8 1 3 1 2111.7 1 3 1
1646.8 1 11 1 2139.5 1 8 1
1660.5 1 8 1 2152.5 1 5 1
1662.8 1 4 1 2156.1 1 6 1
1679.8 1 4 1 2168.5 1 2 1
1716.6 1 10 1 2223.1 1 7 2
1725.6 1 10 1 2229.1 1 2 1
1748.0 1 6 1 2233.2 1 7 2
1761.9 1 3 1 2234.8 1 7 1
1781.2 1 8 1 2244.9 1 9 1
1815.4 1 7 1 2272.5 1 11 2
1820.8 1 6 1 2275.0 1 10 1
1850.2 1 3 1 2286.9 1 6 2
1851.8 1 2 1 2325.6 1 3 1

19-7
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Average batch size of 1 Average batch size of 1.2 Average batch size of 1 Average batch size of 1.2
< @ s [ s @ s [
8 s 24 5 ] sl =< 5 8 sl 24 5 8 sl 24 5
c >0l 8¢ @« c >S| 85| c >o| 8¢ @« c >o|l 8¢ @«
3 €29l £°8 5 3 £Eol £ 5 8 ES|l £9 s 3 £E2l £E9 5
& | <*| g% g & | <= g% = & | <% g% E & | <*| g4 2
[a) 0 [a] Q ) o0 [a) 0

1860.1 | 1 11 1 23658 | 1 5 1 27341 |1 9 1 33172 |1 7 2

1888.4 | 1 6 1 23752 | 1 2 2 27391 | 1 10 1 33471 | 1 10 1

1889.1 | 1 8 1 2376.1 | 1 3 1 27516 | 1 7 1 33482 | 1 3 1

18933 | 1 7 1 23856 | 1 2 1 27522 | 1 3 1 33611 | 1 6 1

1897.3 | 1 3 1 24185 | 1 2 1 27678 | 1 2 1 33684 | 1 6 1

19032 | 1 6 1 24313 |1 2 1 27878 | 1 6 1 33722 |1 10 1

19042 | 1 3 1 24327 | 1 2 1 27928 | 1 9 1 33786 | 1 9 1

19269 | 1 11 1 24370 |1 11 2 28193 | 1 10 1 33876 | 1 10 |2

19477 | 1 8 1 24382 | 1 2 1 28363 | 1 7 1 33890 | 1 6 1

19496 | 1 2 1 24425 | 1 10 1 28403 | 1 11 1 34067 | 1 10 1

1969.4 | 1 7 1 24535 | 1 8 1 28605 | 1 7 1 34424 | 1 10 1

19711 |1 4 1 24651 | 1 11 1 2887.7 | 1 3 1 34434 | 1 5 2

20273 | 1 10 1 24692 | 1 7 3 28880 | 1 2 1 34653 | 1 2 1

20286 | 1 5 1 24785 | 1 10 1 29064 | 1 2 1 34703 | 1 2 1

20317 | 1 4 1 25009 |1 5 1 29130 | 1 2 1 34892 | 1 9 1

20413 | 1 4 1 25130 | 1 8 1 29184 | 1 3 1 34897 | 1 2 1

20426 | 1 8 1 25182 | 1 8 1 29200 | 1 4 1 34928 | 1 11 1

20676 | 1 3 1 25364 | 1 6 2 29744 | 1 8 1 35014 |1 7 3

2080.7 | 1 6 1 25518 |1 10 1 29813 | 1 11 1 35065 | 1 8 1

20833 | 1 3 1 25708 | 1 5 1 29974 | 1 7 1 35281 |1 7 1

20837 | 1 11 1 25949 |1 10 1 30034 | 1 7 1 35704 | 1 8 1

20858 | 1 3 1 2508.1 | 1 8 1 30058 | 1 10 1 35721 |1 6 1

20873 | 1 4 1 26004 | 1 2 1 30216 | 1 8 1 35007 | 1 7 1

21096 | 1 3 1 26140 | 1 6 2 30237 | 1 4 1

21209 |1 5 1 26523 | 1 7 1 30346 | 1 11 1

21221 | 1 7 1 26598 | 1 9 1 30582 | 1 3 1

21253 | 1 4 1 2669.2 | 1 6 1 30694 | 1 11 1

21323 | 1 11 1 26945 | 1 9 1 30818 | 1 9 1

21337 | 1 9 1 26989 | 1 6 1 30923 | 1 8 1

21416 | 1 10 1 27093 |1 8 1 31032 |1 4 1

21633 | 1 2 1 27221 |1 2 2 31151 | 1 4 1

21658 | 1 8 1 27499 |1 5 1 31164 | 1 7 1

21674 | 1 6 1 27524 | 1 4 1 31787 | 1 4 1

21839 | 1 4 1 27739 | 1 3 1 31827 | 1 4 1

21994 | 1 5 1 27821 | 1 6 1 32082 | 1 11 1

22139 | 1 6 1 27839 |1 2 1 32136 | 1 7 1

22227 |1 2 1 28450 | 1 4 1 32505 |1 2 1

22481 | 1 9 1 2860.8 | 1 9 2 32509 | 1 11 1

22635 | 1 11 1 28654 | 1 7 1 32614 | 1 3 1

22787 | 1 2 1 28698 | 1 6 1 32820 |1 9 1

22939 | 1 9 1 29002 | 1 5 1 32905 |1 4 1

23094 | 1 5 1 29264 | 1 9 1 32014 |1 9 1

23134 | 1 9 1 29341 |1 9 1 32968 | 1 8 1

23221 |1 2 1 209362 | 1 8 1 32996 | 1 6 1

23300 | 1 3 1 29513 |1 6 1 33251 | 1 11 1

23625 | 1 6 1 29634 | 1 5 2 33426 | 1 9 1

23646 | 1 5 1 29718 | 1 6 1 33466 | 1 5 1

23653 | 1 9 1 29739 |1 2 1 33514 |1 9 1

23837 | 1 11 1 29753 | 1 9 1 33593 |1 2 1

23892 | 1 3 1 30138 | 1 10 1 33643 | 1 2 1

23899 | 1 9 1 30228 | 1 8 1 33865 | 1 6 1

23916 | 1 9 1 3036.7 | 1 3 1 33953 | 1 10 1

23954 | 1 2 1 30472 | 1 3 1 33989 |1 7 1

24148 | 1 3 1 3049.7 | 1 3 1 34034 | 1 6 1

24440 | 1 8 1 30580 |1 8 2 34321 | 1 10 1

24538 | 1 6 1 30595 |1 3 1 34391 |1 11 1

24540 | 1 7 1 30948 | 1 11 1 34563 | 1 4 1

24775 | 1 7 1 31081 | 1 2 2 3456.6 | 1 4 1

24966 | 1 10 1 31093 | 1 2 1 34580 | 1 5 1

25094 | 1 5 1 31217 |1 9 1 34722 | 1 4 1

25317 |1 6 1 31251 |1 6 2 34769 | 1 11 1

25347 | 1 5 1 31478 | 1 6 1 3486.7 | 1 9 1

25709 | 1 11 1 31535 | 1 8 2 34936 | 1 11 1

25745 | 1 7 1 31573 | 1 5 1 35043 | 1 4 1

26014 | 1 4 1 31619 | 1 7 2 35263 | 1 3 1

26193 | 1 9 1 31781 | 1 9 1 35291 |1 3 1

26200 | 1 10 1 31802 | 1 2 1 35360 | 1 9 1

26221 | 1 5 1 31877 |1 5 1 35878 |1 4 1

26228 | 1 4 1 31908 | 1 2 1 35940 | 1 4 1

26399 | 1 5 1 32317 |1 11 1 35951 | 1 9 1

26415 | 1 3 1 32345 |1 6 1 35971 |1 11 1

26475 | 1 7 1 32393 |1 3 1

2659.7 | 1 8 1 32421 |1 10 1

26813 | 1 4 1 32478 |1 5 1

26841 | 1 4 1 3258.0 | 1 11 1

26875 | 1 2 1 32620 | 1 11 1

2702.0 | 1 3 1 32959 | 1 9 1
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5.2 Discussion of results

24.95 persons per five minutes yields 299.4 person in one hour. In this example, a single run, 300
people have been generated. With multiple runs, sometimes 299 people will be generated. As the
number of runs increases, the average will tend to 299.4.

Likewise, the distribution of destinations will tend to 10% (0.1) for each floor as the number of runs
increases. Table 6 shows the distribution of destinations generated for the run with batch size 1.

Table 6 Example input and actual destination probabilities

Floor 1 2 3 4 5 6 7 8 9 10 11

Input
destination 0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
probability

Generated
destination 0 008 | 0.10 | 0.13 | 0.07 | 0.10 | 0.11 | 0.10 | 0.12 | 0.09 | 0.22
probability

Table 7 shows the input and output probability density function of batch size for the run with
average batch size 1.2. As the individual batch size probabilities get smaller, the occurrences get
rarer. The input probability of a batch size of 4 is one in a thousand. So, with 300 passengers
generated, it is not surprising that no batches of 4 were generated.

Table 7 Example input and output probability density functions with average batch sizes 1.2

Batch size 1 2 3 4 5 6
Input 0.819 0.163 0.016 0.001 0.000 0.000
probability
Output 0.825 0.159 0.016 0.000 0.000 0.000
probability

5.3 Effect of batching on simulation results

In a test simulation with this sample data, the average time to destination of passengers was reduced
by approximately 5 seconds with batching. No generalizations can be made from this single run,
but it does demonstrate that batching has an impact on simulation results.

In most cases batching is likely to improve waiting time in simulation, as in the real world. This is
because the stops arising from the calls are coincident; overall the number of lift stops is less.

There may be some other unexpected consequences of batching. For example, a simulation
program may, by default, assume that batched passengers insist on travelling together. So, if the lift
had space for one person and the batch was two people, they will wait for the next lift.
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6 CONCLUSIONS AND FURTHER WORK

Lift passengers often travel together in groups rather than alone. For this to be reflected in lift
simulation software, batches must be considered. Batches influence simulation results as
passengers travelling in groups generate less calls.

This paper provides a procedure for generating passengers including batches. Passengers are
generated assuming a random inter-arrival time with an exponential probability density function.
Passenger batches are selected using Equation 1, given an average batch size. Traffic survey data
has been collected and shows a good fit to the proposed passenger generation process. Further site
data will be collected in different building types, and other batch size probability distributions may
be considered. The objective is for users to describe batching with a single number for each
application.

The discussion also provides an insight into the numerous decisions a simulation software designer
needs to make. Many of these decisions are not normally considered as inputs, yet they influence
simulation results.
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